Summary. The concentrations of oxytocin receptors were measured in intercaruncular and caruncular endometrium, fetal cotyledons, chorioallantois and amnion during pregnancy and parturition in cows. Tissues were obtained on days 20 (endometrium only), 50, 100, 150, 200, 225, 250, 275, at or fetal membranes, mean Kd 8\m=.\50\m=x\10\m=-\10mol l \ m=-\ 1, P < 0\m=.\001and <0\m=.\005, respectively). Receptor affinity did not change during gestation in any of the tissues. The steep rise in oxytocin receptor concentrations in fetal membranes, placentomes and endometrium shortly before and during parturition of cows suggests a role for oxytocin in addition to its contractile effect on the myometrium. Oxytocin receptors in these tissues probably mediate prostanoid release which in turn results in enhancement of the contractile effects of the hormone. The low caruncular oxytocin receptor concentrations may prevent the onset of labour before term despite the high concentrations of oxytocin receptors in the intercaruncular endometria during the last trimester of pregnancy.
Introduction
Oxytocin receptors are present in the endometrium and myometrium of many species. The concen¬ trations are high during parturition in all species studied (reviewed in Fuchs, 1985) . Myometrial receptor occupancy causes contractions by increasing intracellular free calcium (Mironneau, 1976) , and endometrial oxytocin receptor occupancy results in increased arachidonic acid metabolism and prostaglandin synthesis (Roberts et al., 1976) . This dual action of oxytocin appears to be indispens¬ able for parturition to proceed, at least in humans (Fuchs, 1990) . In rats, rabbits and hamsters the receptor concentrations are regulated by ovarian hormones: oestrogen increases and progesterone inhibits oxytocin receptor formation (Soloff, 1975; Nissenson et al., 1978; Fuchs et ai, 1983; Leavitt, 1985) . The myometrial oxytocin receptor concentrations in these species are very low during gestation and rise shortly before the onset of labour when the ratio plasma oestradiol: progesterone increases (Soloff et al., 1979; Leavitt, 1985; Riemer et ai, 1986) . In cows (Fuchs et ai, 1991; Jenner et ai, 1991) , as in humans (Fuchs, 1990) , uterine oxytocin receptor concentrations are suppressed in early pregnancy, before and during the embryonic attachment, but begin to rise soon thereafter and surpass oestrous levels in the second and third trimesters despite relatively constant maternal plasma progesterone concentrations (Fuchs et ai, 1992) . The uterine response to oxytocin stimulation increases during pregnancy in cows (Fitzpatrick, 1960) in a parallel manner with oxytocin receptor concentrations suggesting that the receptors are functionally coupled to their effectors during pregnancy. Because oxytocin secretion from the posterior pituitary is not blocked during bovine pregnancy (Fuchs, 1985) , the maintenance of gestation despite high concentrations of oxytocin receptor in the uterine tissues is perplexing. The present study was conducted to improve understanding of this apparent paradox. Since in the previous study (Fuchs et al., 1992) only intercaruncular endometrium and myometrium were examined, the purpose of the present study was to measure oxytocin receptor concentrations in the endometrium of the caruncles, fetal cotyledons and the fetal membranes at various stages of gestation and during parturition.
Materials and Methods

Animals
Tissues from 38 Hereford and Angus cows from USDA Sub-tropical Agricultural Research Station, Brookville, Florida were used in this study. The cows were mated with fertile bulls and kept on pasture until the designated day of tissue collection. Groups of three to five cows were slaughtered on days 20, 50, 100, 150, 200, 230, 250, 275, 280 to 284 of gestation, during labour and within 24 h after calving. Mean duration of gestation in these breeds of cows is 284 days. To obtain a group of cows as close to term as possible but not yet in labour, a number of cows were examined daily from day 280 onwards for changes in udder, teats, vulva, cervix and pelvic ligaments for indications of impend¬ ing parturition, and slaughtered when they were judged to be within 12 to 36 h of calving. Four cows slaughtered on days 280 to 284 of gestation constituted the group considered to be at term (day 282 ± 1), and five cows with visible signs of labour and with cervix dilated from 17 cm to full dilation constituted the labour group. Eight of the pregnant cows were obtained from the local slaughterhouse and the duration of gestation was determined from fetal crown rump length (Winters et al., 1942 Lowry et al. (1951) using BSA as a standard. The interassay variation was 6-7% in 10 assays. Intra-assay variation was less than 5%. All chemicals were purchased from Sigma (St Louis, MO, USA).
Receptor assay
The receptor assays were carried out as previously described, using a concentration of 1 mg membrane protein ml-1 in all instances (Fuchs et al., 1991 arginine vasopressin (AVP); a specific oxytocin antagonist, [l-ß-mercapto-ß,ß-cyclopenta-methylene-propionic acid), 2-(0-methyl)-tyrosine, 8-ornithine, 9-tyrosine amidejvasotocin (OTA); a specific vasopressor (VPt receptor) agonist, (Zar, 1974 10"10 mol 1~· ); the differences were not significant (P < 0-5).
Fetal placenta and membranes
The cotyledons also had specific oxytocin-binding sites, which had similar affinity to the carun¬ cular binding sites, mean Kd: 5-96 + 0-45 10"10 mol 1_1. Receptor affinity in the cotyledons and caruncles was significantly higher than that in the intercaruncular endometrium ( < 0001). As Values are means ± SEM, for all pregnant and parturient cows (post partum cows excluded). Differences between all tissues are significant, < 0001 (anova). (Table 2 ). The concentrations of plasma unconjugated oestrone, oestradiol and progesterone were measured in samples taken from all experimental cows at slaughter (Fuchs et al., 1992) ; and the correlation coefficients between these values and tissue oxytocin receptor concentrations (fmol mg-1 protein) were calculated ( Table 3 ). The correlation coefficients for the receptors in fetal cotyledons were similar to those in fetal membranes (values not shown). A highly significant (P < 0-001) inverse correlation with plasma progesterone was observed for oxytocin receptors in caruncles, cotyledons and fetal membranes; the correlation with intercaruncular receptor concen¬ trations was much weaker, r : 370, =0-02. The correlations of plasma-free oestrogens with oxytocin receptor concentrations in the maternal tissues were highly significant but were not significant in fetal tissues.
Discussion
Considering the very high oxytocin receptor concentrations in intercaruncular endometrium, the paucity of these receptors in the caruncular endometrium during most of gestation is remarkable. There are 40-60 such caruncles rather evenly distributed over both the pregnant and nonpregnant horns of the uterus, and they constitute a significant proportion of the total endometrial surface area. Oxytocin has been shown to stimulate prostaglandin E2 and F2a from cow endometrium (Lafrance & Goff, 1990) . The release of oxytocin from the neurohypophysis is not inhibited during pregnancy in cows but is maintained in a pulsatile manner (Fuchs, 1985) . The lack of oxytocin receptors renders the caruncles and cotyledons unable to respond to oxytocin stimulation before term and this may provide an explanation for why labour does not start prematurely, particularly since caruncles and cotyledons are thought to be the main sites of prostanoid production in partur¬ ient cows (Guilbault et al., 1984; Gross et ai, 1987) . The prostaglandins are much less potent uterotonic agents than oxytocin, but they have a marked potentiating effect on oxytocin-induced contractions (Coleman & Parkington, 1988; Quartero et al., 1991) . Indeed, Gillette (1966) observed significantly more uterine activity in interplacental than in placental locations one to six days before parturition, whereas on the day of calving there were no differences. Oxytocin has also been shown to release endothelin, a strong vasoconstricting agent, from endometrial cells (Orlando et al., 1990) . The absence of oxytocin receptors in the bovine caruncles and cotyledons before term may therefore assure unhindered blood flow to the caruncles during pregnancy.
It should be emphasized that although low in comparison to intercaruncular endometrium, the receptor concentrations in the tissues of the placentomes and membranes at term are similar to the concentrations in rat myometrium during labour (Soloff et al., 1979) . The low concentrations of oxytocin receptors in these tissues during most of gestation were anticipated, but the significant rise in all three tissues at term was surprising, and has not yet been described in other species. Fetal membranes and placenta have not been considered target tissues for oxytocin. However, oxytocin has been shown to stimulate the release of prostaglandins from expiants of human amnion at term in a dose-dependent manner (Fuchs et ai, 1981) and from primary cultures of human amniotic epithelial cells obtained from the fetal membranes of patients at term (Mitchell & Lundin-Schiller, 1990 ). These observations provide evidence for a functional role for the receptors in fetal membranes. Endogenous oxytocin is secreted in large amounts into the maternal circulation during bovine parturition (Landgraf et ai, 1983; Fuchs, 1985) . Because of the high oxytocin receptor density prevailing in all intrauterine tissues at the onset of labour, oxytocin may be the agent responsible for the release of prostaglandin F2a (PGF2a) from the uterus during active labour as observed by numerous authors. The concentrations of PGF2tt in the uterine venous blood begin to rise signifi¬ cantly about 12 h before calving (Hunter et ai, 1977; Eley et ai, 1981 (Meyer et al., 1988; Fuchs et al., 1990; Jenner et al., 1991) . The present results indicate that intercaruncular endometrium overcomes the inhibi¬ tory effects of progesterone on oxytocin receptor formation relatively early in gestation, whereas caruncular endometrium and cotyledons remain strongly suppressed throughout pregnancy. Fetal cotyledons may therefore provide factors that in a paracrine fashion maintain the progesteroneinduced suppression in the neighbouring caruncular cells. The sharp fall in plasma progesterone at term and the rise in maternal plasma unconjugated oestrone and oestradiol concentrations during the last week of gestation (Robertson, 1974; Hunter et al., 1977; Eley et al., 1981; Fuchs et ai, 1992) may be responsible for the preparturient increases in oxytocin receptor concentrations observed during the last few days before calving in all intrauterine tissues. However, the lack of correlation between circulating unconjugated oestrogens and receptor concentrations in fetal cotyledons and fetal membranes, in view of strong correlation with receptors in endometrial tissues, is striking and indicates differential regulation of oxytocin receptors in maternal and fetal tissues.
We conclude that oxytocin receptor concentrations in the intercaruncular and caruncular endo¬ metrium are regulated in different ways during pregnancy. The former is likely to be under maternal systemic control, and the latter under paracrine control by fetal factors that prevent oxytocin receptor formation until term. Shortly before the onset of labour, oxytocin receptor con¬ centrations rise steeply in all intrauterine tissues. We have previously found that circulating oxyto¬ cin concentrations are significantly increased during labour. Together these observations provide strong support for the view that endogenous oxytocin plays an integral role in parturition in cows.
